Bimetallic Effects on Ethylene Polymerization in the Presence of Amines: Inhibition of the Deactivation by Lewis Bases by Radlauer, Madalyn R. et al.
Bimetallic Effects on Ethylene Polymerization in the Presence of 
Amines: Inhibition of the Deactivation by Lewis Bases 
Madalyn R. Radlauer, Michael W. Day, Theodor Agapie* 
 
*To whom correspondence should be addressed. E-mail: agapie@caltech.edu. 
Department of Chemistry and Chemical Engineering, California Institute of Technology, 1200 E. 
California Blvd. MC 127-72, Pasadena, CA, 91125, United States. 
 
Supporting Online Material 
 
Contents 
 
Experimental Details         
General Considerations         S2 
Synthesis of Dinickel Complexes        S2 
Synthesis of Mononickel Complexes        S3 
General Polymerization Procedures        S4 
1H NMR Spectroscopy Ligand Exchange Experiments     S5 
 
Crystallographic Information 
Crystal and refinement data for 1-s and 1-a and 1-a-(H2NR)2.    S6 
Special Refinement Details         S6 
Structural drawing of 1-s.         S8 
Atomic coordinates and equivalent isotropic displacement parameters for 1-s.  S8 
Anisotropic displacement parameters for 1-s.      S12 
Structural drawing of 1-a.         S16 
Atomic coordinates and equivalent isotropic displacement parameters for 1-a.  S16 
Anisotropic displacement parameters for 1-a.      S17 
Structural drawing of 1-a-(H2NR)2.        S19 
Atomic coordinates and equivalent isotropic displacement parameters for 1-a-(H2NR)2. S19 
Anisotropic displacement parameters for 1-a-(H2NR)2.     S20 
 
 
References           S21
 2 
Experimental Section 
 
General Considerations 
 All air- and/or water-sensitive compounds were manipulated using standard vacuum 
or Schlenk line techniques or in an inert atmosphere glove box. The solvents for air- and 
moisture-sensitive reactions were dried over sodium benzophenone ketyl, calcium hydride, 
or by the method of Grubbs.1 All NMR solvents were purchased from Cambridge Isotopes 
Laboratories, Inc. and dried over sodium benzophenone ketyl or calcium hydride. Pyridine 
and amines were dried over calcium hydride and distilled prior to use. All 1H, 13C, and 2D 
NMR spectra were recorded on Varian Mercury 300 MHz, or Varian INOVA-500 or 600 
MHz spectrometers at room temperature. Chemical shifts are reported with respect to 
residual internal protio solvent. NiMe2(tmeda)2 (tmeda = tetramethylethylenediamine) was 
synthesized according to literature procedures. The syntheses of the ligand frameworks will 
be communicated in a separate full article.3 
 
Synthesis of Dinickel Complexes 
 1-a. Synthesis of the anti-dinickelphenoxyiminato complex was achieved by a method 
similar to that of Mecking, et al.4 A solution of the phenol (0.20 g, 0.25 mmol, 1 equivalent) 
in 5 mL of diethylether and a solution of NiMe2(tmeda) (0.11 g, 0.55 mmol, 2.2 equiv) in 3 
mL of diethylether were cooled in the glove box freezer to about -35 °C. The solution of the 
ligand was added to the solution of nickel precursor. Pyridine (0.40 mL, 4.97 mmol, 20 
equiv) was syringed into the mixture causing a color change to reddish orange. The reaction 
became gradually cloudier over 5 hours of stirring at room temperature, at which point 
volatiles were removed under vacuum. The orange brown solid was washed over celite with 
hexanes and the desired product was collected by flushing it through Celite with THF. Black 
precipitate was left on the Celite. The solution of the product was put under vacuum to 
remove volatiles leaving 0.21 g (76 % yield) of bright orange solid. X-ray quality crystals 
were grown from a room temperature vapor diffusion of hexanes into THF. 1H NMR (400 
MHz, C6D6): δ 8.35 (d, 4H, PyH), 7.72 (s, 2H, ArH), 7.41 (s, 2H, ArH), 7.16 (bs, 6H, N-
ArH), 7.14 (s, 2H, ArH), 6.87 (m, 2H, PyH), 6.27 (m, 4H, PyH), 4.32 (septet, J = 6.6, 4H, 
CH(CH3)2), 1.97 (s, 12H, ArCH3), 1.53 (d, J = 6.6, 12H, CH(CH3)2), 1.43 (s, 18H, C(CH3)3), 
1.13 (d, J = 6.6, 12H, CH(CH3)2), -0.69 (s, 6H, NiCH3) ppm. 13C NMR (shifts determined 
from gHSQCAD and gHMBC experiments, C6D6): δ 166.0 (ArCHN), 163.5 (Ar), 151.6 
(Py), 150.1 (Ar), 140.9 (Ar), 138.6 (Ar), 134.7 (Py), 132.6 (Ar), 131.6 (Ar), 127.0 (Ar), 
123.2 (Ar), 122.1 (Py), 118.7 (Ar), 33.4 (ArC(CH3)3), 31.3 (ArC(CH3)3), 28.2 
(ArCH(CH3)2), 24.6 (ArCH(CH3)2), 22.8 (ArCH(CH3)2), 18.0 (ArCH3), -7.9 (NiCH3) ppm. 
Anal. Calcd for C68H86N4Ni2O2: C, 73.66; H, 7.82; N, 5.05. Found: C, 72.76; H, 7.72; N, 
4.96. 
 1-s. Metallation of the syn-bis-salicyaldimine with NiMe2(tmeda) was accomplished 
with the same procedure as the metallation of the anti-analog, though due to differences in 
solubility, the purification method was changed. After the reaction, volatiles were removed 
under vacuum and the resulting oily solid was dissolved in pentane and filtered over Celite 
to remove nickel(0). Precipitation from cold pentane yielded 0.20 g (73 % yield) of ~92 % 
pure desired complex. The remaining impurity was the mono-nickel complex. Subsequent 
precipitations yielded only minimal increase in purity. Analytically pure 1-s was obtained by 
treating the nearly pure complex with half an equivalent of NiMe2(tmeda) and five 
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equivalents of pyridine using the same conditions as the initial reaction. Volatiles were 
removed under vacuum and the resulting oily solid was dissolved in pentane and filtered 
over Celite to remove nickel(0). Precipitation from cold pentane yielded 0.084 g (30% 
yield) of pure desired complex. X-ray quality crystals were grown from a cold pentane 
solution. 1H NMR (400 MHz, C6D6): δ 8.00 (d, 4H, PyH), 7.66 (s, 2H, ArH), 7.54 (m, 2H, 
PyH), 7.48 (s, 2H, ArH), 7.16 (bs, 6H, N-ArH), 7.10 (s, 2H, ArH), 6.60 (m, 4H, PyH), 4.27 
(septet, 4H, CH(CH3)2), 1.98 (s, 12H, ArCH3), 1.53 (d, 12H, CH(CH3)2), 1.33 (s, 18H, 
C(CH3)3), 1.09 (d, 12H, CH(CH3)2), -0.75 (s, 6H, NiCH3) ppm. 13C NMR (101 MHz, C6D6): 
δ 166.62 (ArCHN), 163.71 (Ar), 151.80 (Ar), 150.52 (Ar), 141.23 (Ar), 138.92 (Ar), 136.07 
(Ar), 135.76 (Ar), 135.01 (Ar), 134.11 (Ar), 132.31 (Ar), 127.52 (Ar), 126.48 (Ar), 123.69 
(Ar), 119.28 (Ar), 33.94 (ArC(CH3)3), 31.66 (ArC(CH3)3), 28.65 (ArCH(CH3)2), 25.05 
(ArCH(CH3)2), 23.34 (ArCH(CH3)2), 18.70 (ArCH3), -7.33 (NiCH3) ppm. Anal. Calcd for 
C68H86N4Ni2O2: C, 73.66; H, 7.82; N, 5.05. Found: C, 73.44; H, 7.66; N, 5.03. 
 
Synthesis of Mononickel Complexes 
2-a. Synthesis of the anti-mononickelphenoxyiminato complex was achieved by a 
method similar to 1-a and 1-s.  A solution of the phenol (0.10 g, 0.16 mmol, 1 equiv) in 5 
mL of diethylether and a solution of NiMe2(tmeda) (0.036 g, 0.17 mmol, 1.1 equiv) in 3 mL 
of diethylether were cooled in the glove box freezer to about -35 °C. The solution of the 
ligand was added to the solution of nickel precursor. Pyridine (0.14 mL, 1.7407 mmol, 11 
equiv) was syringed into the mixture causing a color change to red orange. The reaction 
became gradually darker over 6 hours of stirring at room temperature, at which point 
volatiles were removed under vacuum. The orange brown suspension was washed over 
Celite with hexanes. Black precipitate was left on the Celite. The solution of the product 
was put under vacuum to remove volatiles and the desired product was reprecipitated from 
pentane and toluene. Filtration yielded 0.054 g of pure product as an orange solid in the first 
crop of precipitate (44% yield). 1H NMR (400 MHz, C6D6): δ 8.42 (d, J=5.2, 2H, PyH), 7.70 
(s, 1H, ArH), 7.34 (dd, J=8.6, 2.5, 1H, ArH), 7.26 (m, 2H, ArH), 7.16 (s, 3H, N-ArH), 7.11 
(d, J=2.6, 1H, ArH), 6.94 (t, J=8.1, 1H, PyH), 6.75 (d, J=8.6, 1H, ArH), 6.33 (t, J=6.5, 2H, 
PyH), 4.36 (septet, J=13.7, 6.7, 2H, CH(CH3)2), 3.31 (s, 3H, OCH3), 2.09 (s, 6H, ArCH3), 
2.04 (s, 6H, ArCH3), 1.54 (d, J=6.9, 6H, CH(CH3)2), 1.43 (s, 9H, C(CH3)3), 1.30 (s, 9H, 
C(CH3)3), 1.13 (d, J=6.8, 6H, CH(CH3)2), -0.68 (s, 3H, NiCH3) ppm. 13C NMR (101MHz, 
C6D6): δ 166.63 (ArCHN), 163.88 (Ar), 155.55 (Ar), 152.29 (Ar), 150.60 (Ar), 142.99 (Ar), 
141.41 (Ar), 140.07 (Ar), 137.51 (Ar), 135.72 (Ar), 135.15 (Ar), 135.12 (Ar), 133.98 (Ar), 
132.89 (Ar), 132.27 (Ar), 131.45 (Ar), 126.43 (Ar), 124.65 (Ar), 123.67 (Ar), 122.58 (Ar), 
119.03 (Ar), 110.91 (Ar), 55.10 (OCH3), 34.28 (ArC(CH3)3), 33.96 (ArC(CH3)3), 31.94 
(ArC(CH3)3), 31.64 (ArC(CH3)3), 28.66 (ArCH(CH3)2), 25.12 (ArCH(CH3)2), 23.37 
(ArCH(CH3)2), 18.60 (ArCH3), 18.25 (ArCH3), -7.18 (NiCH3) ppm. Anal. Calcd for 
C50H64N2NiO2: C, 76.62; H, 8.23; N, 3.57. Found: C, 76.59; H, 8.36; N, 3.68. 
2-s. Metallation of the syn-monosalicyaldimine with NiMe2(tmeda) was 
accomplished with the same procedure as the metallation of the anti-analog, though due to 
differences in solubility, the purification method was changed. After the reaction, volatiles 
were removed under vacuum and the resulting solid was dissolved in hexanes and left in the 
glove box freezer at -35 °C for about 16 hours. The solution was then filtered over celite and 
washed with cold hexanes. The desired complex was flushed through the Celite with 
diethylether. Black precipitate was left on the Celite. Removal of the volatile materials from 
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the ether wash yielded 0.07 g (59 % yield) of red orange solid. 1H NMR (400 MHz, C6D6): δ 
8.47 (d, J=5.5, 2H, PyH), 7.70 (s, 1H, ArH), 7.43 (d, J=2.4, 1H, ArH), 7.35 (dd, J=8.5, 2.3, 
1H, ArH), 7.27 (d, J=2.3, 1H, ArH), 7.12 (d, J=2.4, 1H, ArH), 6.80 (d, J=8.6, 1H, ArH), 
6.76 (t, J=7.4, 1H, PyH), 6.45 (t, J=6.7, 2H, PyH), 4.33 (septet, J=6.9, 2H, CH(CH3)2), 3.39 
(s, 3H, OCH3), 2.07 (s, 6H, ArCH3), 2.01 (s, 6H, ArCH3), 1.54 (d, J=6.8, 6H, CH(CH3)2), 
1.31 (s, 9H, C(CH3)3), 1.29 (s, 9H, C(CH3)3), 1.11 (d, J=6.8, 6H, CH(CH3)2), -0.63 (s, 3H, 
NiCH3) ppm. 13C NMR (101MHz, C6D6): δ 166.58 (ArCHN), 163.88 (Ar), 155.03 (Ar), 
152.17 (Ar), 150.55 (Ar), 143.86 (Ar), 141.40 (Ar), 140.13 (Ar), 137.65 (Ar), 135.69 (Ar), 
135.51 (Ar), 135.06 (Ar), 133.83 (Ar), 133.04 (Ar), 132.06 (Ar), 131.66 (Ar), 129.25 (Ar), 
127.51 (Ar), 126.43 (Ar), 124.59 (Ar), 123.66 (Ar), 122.95 (Ar), 119.19 (Ar), 110.74 (Ar), 
55.04 (OCH3), 34.25 (ArC(CH3)3), 33.96 (ArC(CH3)3), 31.77 (ArC(CH3)3), 31.67 
(ArC(CH3)3), 28.65 (ArCH(CH3)2), 25.14 (ArCH(CH3)2), 23.36 (ArCH(CH3)2), 18.57 
(ArCH3), 18.28 (ArCH3), -7.56 (NiCH3) ppm. Anal. Calcd for C50H64N2NiO2: C, 76.62; H, 
8.23; N, 3.57. Found: C, 76.71; H, 8.30; N, 3.65. 
 
 
General polymerization procedure 
A 3 oz Andrews glass pressure reaction vessel equipped with Swagelock valves and 
a gauge was used for all high pressure polymerizations. For all polymerizations, the high-
pressure setup was brought into the glove box with a magnetic stirbar and charged with the 
desired amounts of toluene and amine. Concurrently, a syringe was loaded with the nickel 
complex dissolved in toluene and the needle was sealed with a rubber septum. The syringe 
and setup were brought out of the box and the setup was clamped firmly over a hot plate.  
The temperature was regulated to 25 °C, and the solution was stirred vigorously (1200 rpm). 
A nylon core hose equipped with quick connect adaptors was purged with ethylene for 1 
minute and the pressure was set to 15 psi. The hose was connected to the setup and the setup 
was filled with ethylene. A bleed needle was inserted into a Teflon septum at the top of the 
high-pressure setup and flushed with ethylene. The solution of nickel complex was added 
via syringe and the top of the setup was closed. The pressure was increased to 100 psi. After 
the desired time (generally 3 hours), the ethylene hose was disconnected, the setup was 
vented and the reaction mixture was quenched with acidified methanol (3 times the reaction 
volume, 75 mL) to precipitate the polymer, which was collected as a white solid by filtration 
over a fine frit. If less than 10 mg of polymer was precipitated, the quenched reaction 
mixture was pumped down from about 100 mL to about 20 mL and the precipitate was 
collected from the more concentrated solution. All of the precipitates were air-dried over at 
least 24 hours and transferred to scintillation vials, which were placed under vacuum on the 
Schlenk line for at least one hour before the polymer masses were recorded. In all cases 
where less than 100 mg of polymer was collected, 1H NMR spectra were recorded in d2-
tetrachloroethane at 130 °C on the Varian INOVA-500 MHz NMR spectrometer to confirm 
that the collected precipitate was polyethylene. 
 
1H NMR Spectroscopy Ligand Exchange Experiments 
 1H NMR spectroscopy was used to examine the exchange of pyridine for a number 
of tertiary amines with complexes 1-s and 1-a.  The amines studied were 1,1-
dimethylpropylamine, N,N-dimethylethylamine, N,N-dimethylbutylamine, and N,N-
dimethylbenzylamine. In all of the experiments, a known quantity of 1-s or 1-a was added to 
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a J Young tube with about 0.7 mL of d6-benzene in the glove box. The tube was sealed and 
brought out of the glove box, and a 1H NMR spectrum was acquired. In all cases, 1-a was 
not fully soluble so that orange precipitate was seen at the bottom of the tube. The J Young 
tube was brought back into the glove box and a set number of equivalents of amine were 
syringed into the open tube, which was again sealed, inverted several times, and brought out 
of the box.  Another 1H NMR spectrum was acquired. These steps were repeated to add 
more amine until a significant change had occurred or at least 50 equivalents of amine per 
nickel had been added. There was no additional change from the time the amine was added 
for over 12 hours after addition, so that all spectra, regardless of the amount of time passed 
between addition and the acquisition of the spectrum were considered equally relevant for 
comparison. The Ni-CH3 peak in the 1H NMR spectrum is diagnostic of the dinickel 
complexes and appears between -0.5 and -1.5 ppm depending on the other ligand on nickel. 
Experiments wherein 100 equivalents of amine were added followed by 25 equivalents of 
pyridine or 25 equivalents of pyridine were added followed by 100 equivalents of amine 
yielded the same NMR spectrum. This suggests that the new Ni-CH3 peaks are from amine-
bound species that could be converted back to the pyridine-bound species and not from a 
decomposition product. For 1-s only pyridine-bound complex remained at the end of this 
experiment, while with 1-a the ratio of the pyridine-bound Ni-CH3 peak and the amine-
bound Ni-CH3 peak is about 20:1. 
 With the tertiary amines, a large excess of amine (greater than 50 equivalents per 
nickel) was required to detect new nickel species. Specifically, with N,N-
dimethylethylamine, adding 170 equivalents to the anti analog results in a new Ni-CH3 peak 
that integrates to about one fifth relative to the Ni-CH3 peak of the bis-pyridine complex. 
Adding 130 equivalents of N,N-dimethylethylamine to the syn analog results in a couple 
new Ni-CH3 peaks, but none of them integrate to more than one fiftieth relative to the Ni-
CH3 peak of the bis-pyridine complex. With N,N-dimethylbutylamine, adding 80 
equivalents to the anti analog results in a new Ni-CH3 peak that integrates to about two 
thirds relative to the Ni-CH3 peak of the bis-pyridine complex. Adding 75 equivalents of 
N,N-dimethylethylamine to the syn analog results in a couple new Ni-CH3 peaks, the largest 
of which integrates to one tenth relative to the Ni-CH3 peak of the bis-pyridine complex. 
With N,N-dimethylbenzylamine, adding 200 equivalents to the anti or 60 equivalents to the 
syn analog results in a few new Ni-CH3 peaks, but none of them integrate to more than one 
fiftieth relative to the Ni-CH3 peak of the bis-pyridine complex. 
 In contrast, adding only a single equivalent of 1,1-dimethylpropylamine per nickel 
resulted in a number of new peaks (Figure S1). The peaks marked with a black asterisk 
correspond to the bis-pyridine complex. The peaks marked with a red asterisk correspond to 
the bis-amine complex. The remaining two peaks correspond to the mono-pyridine mono-
amine complex. For the anti analog the ratio of these peaks from the most downfield to the 
most upfield is 2:1:5:2. For the syn analog, the ration of these peaks from the most 
downfield to the most upfield is 0.3:1:0.1:0.3. This is consistent with the data from the 
experiments with the tertiary amines, which also show more displacement of pyridine in the 
anti analog. 
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Figure S1. 1H NMR spectra of the syn (top) and anti (bottom) dinickel complexes with 2 
equivalents of 1,1-dimethylpropylamine (black = bis-pyridine, red=bis-amine, blue=mono-
pyridine mono-amine). 
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Crystallographic Information 
 
Table S1. Crystal and refinement data for complexes 1-s, 1-a and 1-a-(H2NR)2 . 
 1-s 1-a 1-a-(H2NR)2 
empirical formula  
2(C68H86N4O2Ni2) • 
C5H12 
C68H86N4O2Ni2 • 
2(C7H8) C68H102N4O2Ni2  
formula wt  1144.90 1293.10 1124.96 
T (K)  100(2)  100(2) 100(2) 
a, Å  17.1455(10) 10.8420(4) 9.7952(5) 
b, Å  18.0109(10) 22.6464(7) 22.8485(13) 
c, Å  23.4009(13) 14.5229(5) 14.6159(7) 
α, deg  70.258(3) 90 90 
β, deg   72.094(3) 98.322(2) 96.415(3) 
γ, deg  84.191(3) 90 90 
V, Å3  6472.1(6) 3528.3(2) 3250.6(3) 
Z  4 4 2 
cryst syst  Triclinic Monoclinic Monoclinic 
space group  P-1 P 21/c P 21/c 
dcalcd, g/cm3  1.175 1.217 1.149 
θ range, deg  1.73 to 28.89 1.90 to 39.23 1.66 to 30.53 
µ, mm-1 0.627 0.583 0.623 
abs cor  none none None 
GOF  1.277 3.870 2.064 
R1,a wR2b (I > 2θ 
(I))  0.0558, 0.0618  0.0628, 0.0754  0.0705, 0.1550 
 
a R1 = ∑||Fo| - |Fc||/∑|Fo|. b wR2 = {∑[w(Fo2 - Fc2)2]/∑[w(Fo2)2]}1/2.  
 
 
Special Refinement Details 
 
Compound 1-s 
Crystals were mounted on a glass fiber using Paratone oil then placed on the 
diffractometer under a nitrogen stream at 100K. 
Refinement of F2 against ALL reflections.  The weighted R-factor (wR) and 
goodness of fit (S) are based on F2, conventional R-factors (R) are based on F, with F set to 
zero for negative F2. The threshold expression of F2 > 2s( F2) is used only for calculating R-
factors(gt) etc. and is not relevant to the choice of reflections for refinement.  R-factors 
based on F2 are statistically about twice as large as those based on F, and R-factors based on 
ALL data will be even larger. 
All esds (except the esd in the dihedral angle between two l.s. planes) are estimated 
using the full covariance matrix.  The cell esds are taken into account individually in the 
estimation of esds in distances, angles and torsion angles; correlations between esds in cell 
parameters are only used when they are defined by crystal symmetry.  An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
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Compound 1-a 
Crystals were mounted on a glass fiber using Paratone oil then placed on the 
diffractometer under a nitrogen stream at 100K. 
Refinement of F2 against ALL reflections.  The weighted R-factor (wR) and 
goodness of fit (S) are based on F2, conventional R-factors (R) are based on F, with F set to 
zero for negative F2. The threshold expression of F2 > 2s( F2) is used only for calculating R-
factors(gt) etc. and is not relevant to the choice of reflections for refinement.  R-factors 
based on F2 are statistically about twice as large as those based on F, and R-factors based on 
ALL data will be even larger. 
All esds (except the esd in the dihedral angle between two l.s. planes) are estimated 
using the full covariance matrix.  The cell esds are taken into account individually in the 
estimation of esds in distances, angles and torsion angles; correlations between esds in cell 
parameters are only used when they are defined by crystal symmetry.  An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
 
Compound 1-a-(H2NR)2 
Crystals were mounted on a glass fiber using Paratone oil then placed on the 
diffractometer under a nitrogen stream at 100K. 
Refinement of F2 against ALL reflections.  The weighted R-factor (wR) and 
goodness of fit (S) are based on F2, conventional R-factors (R) are based on F, with F set to 
zero for negative F2. The threshold expression of F2 > 2s( F2) is used only for calculating R-
factors(gt) etc. and is not relevant to the choice of reflections for refinement.  R-factors 
based on F2 are statistically about twice as large as those based on F, and R-factors based on 
ALL data will be even larger. 
All esds (except the esd in the dihedral angle between two l.s. planes) are estimated 
using the full covariance matrix.  The cell esds are taken into account individually in the 
estimation of esds in distances, angles and torsion angles; correlations between esds in cell 
parameters are only used when they are defined by crystal symmetry.  An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
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Figure S2. Structural drawing of 1-s.  
 
Table S2.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters 
(Å2x 103) for 1-s.  U(eq) is defined as the trace of the orthogonalized Uij tensor.  
_______________________________________________________________________ 
 x y z Ueq 
_______________________________________________________________________ 
Ni(1) 8384(1) 9223(1) 8630(1) 20(1) 
Ni(2) 9580(1) 8024(1) 5850(1) 20(1) 
O(1A) 8801(1) 8176(1) 8766(1) 18(1) 
O(2A) 9566(1) 7108(1) 6539(1) 19(1) 
N(1A) 8691(1) 9336(1) 9309(1) 17(1) 
N(2A) 8077(1) 9058(1) 7960(1) 19(1) 
N(3A) 9608(1) 7457(1) 5294(1) 15(1) 
N(4A) 9895(1) 8574(1) 6325(1) 18(1) 
C(1A) 8953(2) 8761(2) 9717(1) 21(1) 
C(2A) 9106(2) 7961(2) 9733(1) 16(1) 
C(3A) 9358(2) 7439(2) 10240(1) 27(1) 
C(4A) 9563(2) 6671(2) 10284(1) 22(1) 
C(5A) 9517(2) 6441(2) 9776(1) 21(1) 
C(6A) 9282(2) 6923(2) 9266(1) 16(1) 
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C(7A) 9050(2) 7717(2) 9233(1) 16(1) 
C(8A) 9299(2) 6632(2) 8728(1) 15(1) 
C(9A) 8600(2) 6325(2) 8714(1) 15(1) 
C(10A) 8631(2) 6034(2) 8219(1) 16(1) 
C(11A) 9373(2) 6055(1) 7751(1) 14(1) 
C(12A) 10077(2) 6364(2) 7768(1) 15(1) 
C(13A) 10040(2) 6664(2) 8259(1) 17(1) 
C(14A) 9520(2) 6372(2) 6592(1) 15(1) 
C(15A) 9428(2) 5788(2) 7197(1) 14(1) 
C(16A) 9410(2) 5005(2) 7242(1) 21(1) 
C(17A) 9487(2) 4741(2) 6719(1) 19(1) 
C(18A) 9560(2) 5313(2) 6151(1) 17(1) 
C(19A) 9557(2) 6128(2) 6072(1) 14(1) 
C(20A) 9638(2) 6686(2) 5456(1) 19(1) 
C(21A) 9818(2) 6094(2) 10838(2) 38(1) 
C(22A) 9188(4) 6083(5) 11477(4) 31(2) 
C(23A) 10635(4) 6456(4) 10885(3) 29(2) 
C(24A) 10062(5) 5326(4) 10801(3) 43(3) 
C(22C) 9645(6) 6346(5) 11378(5) 79(4) 
C(23C) 10651(4) 5780(4) 10618(3) 59(3) 
C(24C) 9194(5) 5323(4) 11089(3) 50(3) 
C(25A) 7796(2) 6286(2) 9230(1) 29(1) 
C(26A) 7867(2) 5700(2) 8207(1) 24(1) 
C(27A) 10880(2) 6378(2) 7262(1) 24(1) 
C(28A) 10803(2) 6996(2) 8278(1) 26(1) 
C(29A) 9494(2) 3859(2) 6816(1) 25(1) 
C(30A) 10171(2) 3451(2) 7107(2) 44(1) 
C(31A) 9661(2) 3711(2) 6185(1) 43(1) 
C(32A) 8675(2) 3491(2) 7248(2) 49(1) 
C(33A) 8634(2) 10081(2) 9445(1) 20(1) 
C(34A) 9300(2) 10599(2) 9135(1) 20(1) 
C(35A) 9241(2) 11286(2) 9292(2) 30(1) 
C(36A) 8556(2) 11441(2) 9730(2) 35(1) 
C(37A) 7905(2) 10922(2) 10021(2) 35(1) 
C(38A) 7923(2) 10223(2) 9882(1) 25(1) 
C(39A) 10054(2) 10414(2) 8666(1) 26(1) 
C(40A) 10470(2) 11144(2) 8141(1) 47(1) 
C(41A) 10678(2) 9945(2) 8990(1) 41(1) 
C(42A) 7209(2) 9650(2) 10199(2) 32(1) 
C(43A) 6375(2) 10062(2) 10252(2) 42(1) 
C(44A) 7256(2) 9102(2) 10850(1) 50(1) 
C(45A) 7718(2) 8370(2) 8073(1) 23(1) 
C(46A) 7488(2) 8199(2) 7612(2) 29(1) 
C(47A) 7640(2) 8740(2) 7011(2) 32(1) 
C(48A) 8018(2) 9436(2) 6889(2) 31(1) 
C(49A) 8222(2) 9575(2) 7372(1) 25(1) 
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C(50A) 7937(2) 10274(1) 8427(1) 26(1) 
C(51A) 9784(2) 7859(2) 4614(1) 15(1) 
C(52A) 10596(2) 8053(2) 4268(1) 20(1) 
C(53A) 10771(2) 8440(2) 3619(1) 23(1) 
C(54A) 10155(2) 8627(2) 3327(1) 23(1) 
C(55A) 9358(2) 8422(2) 3674(1) 22(1) 
C(56A) 9153(2) 8036(2) 4333(1) 17(1) 
C(57A) 11295(2) 7817(2) 4563(2) 29(1) 
C(58A) 11800(2) 7166(2) 4339(2) 50(1) 
C(59A) 11827(2) 8501(2) 4432(2) 46(1) 
C(60A) 8276(2) 7795(2) 4702(1) 21(1) 
C(61A) 8065(2) 7054(2) 4599(1) 32(1) 
C(62A) 7651(2) 8441(2) 4553(1) 32(1) 
C(63A) 9699(2) 8303(2) 6962(1) 19(1) 
C(64A) 9979(2) 8656(2) 7307(1) 21(1) 
C(65A) 10483(2) 9310(2) 6979(2) 25(1) 
C(66A) 10691(2) 9586(2) 6327(2) 28(1) 
C(67A) 10388(2) 9208(2) 6022(1) 23(1) 
C(68A) 9316(2) 9002(1) 5286(1) 26(1) 
 
Ni(3) 5448(1) 6504(1) 8519(1) 22(1) 
Ni(4) 4558(1) 3767(1) 7302(1) 30(1) 
O(1B) 5600(1) 6908(1) 7625(1) 20(1) 
O(2B) 5289(1) 4528(1) 6634(1) 24(1) 
N(1B) 5082(1) 7489(1) 8623(1) 19(1) 
N(2B) 5591(2) 5467(1) 8443(1) 20(1) 
N(3B) 4978(1) 2956(1) 6925(1) 22(1) 
N(4B) 4007(2) 4648(1) 7561(1) 31(1) 
C(1B) 5138(2) 8156(2) 8162(1) 21(1) 
C(2B) 5477(2) 8286(2) 7498(1) 18(1) 
C(3B) 5567(2) 9068(2) 7077(1) 20(1) 
C(4B) 5848(2) 9247(2) 6427(1) 17(1) 
C(5B) 6002(2) 8592(2) 6205(1) 21(1) 
C(6B) 5919(2) 7819(2) 6586(1) 17(1) 
C(7B) 5665(2) 7641(2) 7263(1) 18(1) 
C(8B) 6048(2) 7155(2) 6316(1) 14(1) 
C(9B) 6743(2) 6678(2) 6335(1) 16(1) 
C(10B) 6813(2) 6017(2) 6138(1) 18(1) 
C(11B) 6221(2) 5867(2) 5892(1) 15(1) 
C(12B) 5555(2) 6366(2) 5844(1) 18(1) 
C(13B) 5452(2) 7010(2) 6074(1) 18(1) 
C(14B) 5798(2) 4485(2) 6106(1) 19(1) 
C(15B) 6285(2) 5153(2) 5686(1) 17(1) 
C(16B) 6780(2) 5132(2) 5112(1) 21(1) 
C(17B) 6850(2) 4471(2) 4901(1) 20(1) 
C(18B) 6403(2) 3819(2) 5320(1) 19(1) 
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C(19B) 5886(2) 3799(2) 5924(1) 17(1) 
C(20B) 5476(2) 3084(2) 6353(1) 21(1) 
C(21B) 5959(2) 10080(2) 5954(1) 26(1) 
C(22B) 5321(2) 10246(2) 5605(2) 61(1) 
C(23B) 6810(2) 10150(2) 5470(1) 48(1) 
C(24B) 5904(2) 10705(2) 6270(1) 33(1) 
C(25B) 7397(2) 6895(2) 6559(1) 21(1) 
C(26B) 7541(2) 5458(2) 6184(1) 26(1) 
C(27B) 4918(2) 6199(2) 5578(1) 29(1) 
C(28B) 4686(2) 7508(2) 6066(1) 26(1) 
C(29B) 7410(2) 4526(2) 4235(1) 24(1) 
C(30B) 7113(2) 5193(2) 3739(1) 36(1) 
C(31B) 8293(2) 4703(2) 4180(1) 36(1) 
C(32B) 7416(2) 3753(2) 4097(1) 35(1) 
C(33B) 4614(2) 7527(2) 9250(1) 20(1) 
C(34B) 4963(2) 7844(2) 9583(1) 22(1) 
C(35B) 4471(2) 7882(2) 10169(1) 26(1) 
C(36B) 3675(2) 7614(2) 10417(2) 33(1) 
C(37B) 3353(2) 7283(2) 10088(1) 28(1) 
C(38B) 3810(2) 7235(2) 9498(1) 25(1) 
C(39B) 5844(2) 8141(2) 9331(1) 24(1) 
C(40B) 5885(2) 9044(2) 9079(1) 39(1) 
C(41B) 6318(2) 7827(2) 9823(1) 32(1) 
C(42B) 3420(2) 6891(2) 9134(2) 32(1) 
C(43B) 2828(2) 7484(2) 8856(2) 66(1) 
C(44B) 3004(2) 6095(2) 9548(2) 58(1) 
C(45B) 6124(2) 5320(2) 7938(1) 27(1) 
C(46B) 6208(2) 4581(2) 7865(2) 31(1) 
C(47B) 5732(2) 3971(2) 8313(2) 36(1) 
C(48B) 5181(2) 4118(2) 8827(2) 38(1) 
C(49B) 5128(2) 4858(2) 8878(1) 31(1) 
C(50B) 5505(2) 6061(2) 9376(1) 26(1) 
C(51B) 4690(2) 2139(2) 7240(1) 21(1) 
C(52B) 3981(2) 1936(2) 7146(1) 25(1) 
C(53B) 3743(2) 1147(2) 7426(1) 29(1) 
C(54B) 4178(2) 602(2) 7781(2) 33(1) 
C(55B) 4853(2) 825(2) 7883(1) 27(1) 
C(56B) 5132(2) 1607(2) 7609(1) 22(1) 
C(57B) 3497(2) 2527(2) 6761(2) 31(1) 
C(58B) 3764(2) 2501(2) 6079(2) 54(1) 
C(59B) 2575(2) 2425(2) 7060(2) 44(1) 
C(60B) 5872(2) 1854(2) 7716(2) 30(1) 
C(61B) 6663(2) 1652(2) 7272(1) 44(1) 
C(62B) 5885(2) 1506(2) 8399(1) 48(1) 
C(63B) 3202(2) 4673(2) 7780(2) 42(1) 
C(64B) 2789(2) 5333(2) 7885(2) 55(1) 
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C(65B) 3227(2) 5989(2) 7792(2) 44(1) 
C(66B) 4044(2) 5967(2) 7587(2) 36(1) 
C(67B) 4425(2) 5299(2) 7464(1) 34(1) 
C(68B) 3906(2) 3039(2) 8110(1) 37(1) 
C(81) 2468(2) 9446(2) 7572(2) 83(1) 
C(82) 3232(2) 9300(3) 7091(2) 80(1) 
C(83) 3049(2) 9119(2) 6544(2) 64(1) 
C(84) 2631(2) 8367(2) 6742(2) 67(1) 
C(85) 2489(2) 8167(2) 6192(2) 69(1) 
_______________________________________________________________________ 
 
Table S3.   Anisotropic displacement parameters (Å2x 104) for 1-s.  The anisotropic 
displacement factor exponent takes the form: -2p2[ h2a*2U11 + ... + 2 h k a* b* U12 ]. 
_______________________________________________________________________ 
 U11 U22 U33 U23 U13 U12 
_______________________________________________________________________ 
Ni(1) 264(3)  166(2) 194(2)  -72(2) -106(2)  52(2) 
Ni(2) 311(3)  152(2) 175(2)  -63(2) -99(2)  6(2) 
O(1A) 283(13)  164(12) 128(12)  -51(10) -123(11)  85(10) 
O(2A) 342(13)  107(11) 148(12)  -45(9) -102(11)  -1(10) 
N(1A) 231(16)  128(14) 160(15)  -58(12) -75(13)  58(12) 
N(2A) 193(15)  148(15) 218(16)  -31(13) -88(13)  38(12) 
N(3A) 186(15)  145(14) 144(15)  -33(12) -83(13)  4(12) 
N(4A) 252(16)  110(14) 186(16)  -45(12) -83(14)  14(12) 
C(1A) 240(20)  260(20) 168(19)  -103(16) -87(16)  32(16) 
C(2A) 270(20)  100(17) 158(18)  -50(14) -130(16)  55(14) 
C(3A) 410(20)  250(20) 250(20)  -179(17) -165(18)  98(17) 
C(4A) 360(20)  182(19) 149(19)  -66(15) -139(17)  93(16) 
C(5A) 270(20)  103(17) 260(20)  -82(15) -82(17)  44(15) 
C(6A) 163(18)  157(18) 148(18)  -47(15) -60(15)  36(14) 
C(7A) 161(18)  133(18) 143(18)  -29(15) -30(15)  25(14) 
C(8A) 230(19)  87(17) 140(18)  -28(14) -82(16)  66(14) 
C(9A) 168(19)  112(17) 153(18)  -23(14) -46(15)  54(14) 
C(10A) 218(19)  79(16) 180(19)  -5(14) -89(16)  28(14) 
C(11A) 250(20)  47(16) 137(18)  -10(14) -101(16)  54(14) 
C(12A) 189(19)  117(17) 133(18)  -27(14) -57(15)  68(14) 
C(13A) 223(19)  114(17) 174(19)  -18(14) -114(16)  21(14) 
C(14A) 164(18)  131(18) 165(19)  -52(15) -49(15)  23(14) 
C(15A) 171(18)  124(17) 139(18)  -51(14) -54(15)  32(14) 
C(16A) 250(20)  202(19) 157(19)  -24(15) -65(16)  35(15) 
C(17A) 300(20)  117(18) 160(19)  -54(15) -83(16)  31(15) 
C(18A) 184(18)  182(18) 205(19)  -122(15) -71(16)  29(15) 
C(19A) 174(18)  127(17) 137(18)  -47(14) -56(15)  12(14) 
C(20A) 181(19)  204(19) 240(20)  -162(16) -56(16)  10(15) 
C(21A) 710(30)  290(20) 220(20)  -134(19) -240(20)  220(20) 
C(22A) 200(40)  420(50) 240(40)  50(40) -80(40)  -150(40) 
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C(23A) 250(40)  330(40) 260(40)  10(30) -190(30)  30(30) 
C(24A) 780(60)  330(50) 250(40)  -30(40) -360(50)  140(40) 
C(22C)1210(80)  600(60) 610(60)  -80(50) -580(60)  390(60) 
C(23C) 710(60)  480(50) 630(50)  -10(40) -450(50)  -20(40) 
C(24C) 670(60)  430(50) 270(40)  0(30) -120(40)  140(40) 
C(25A) 310(20)  340(20) 250(20)  -116(17) -81(18)  -30(16) 
C(26A) 260(20)  269(19) 210(19)  -95(16) -75(17)  58(16) 
C(27A) 270(20)  244(19) 260(20)  -126(16) -91(17)  -3(15) 
C(28A) 270(20)  290(20) 240(20)  -141(16) -59(17)  43(16) 
C(29A) 440(20)  120(18) 200(20)  -84(15) -88(18)  11(16) 
C(30A) 750(30)  190(20) 470(30)  -148(18) -280(20)  164(19) 
C(31A) 830(30)  135(19) 380(20)  -136(17) -220(20)  49(19) 
C(32A) 620(30)  210(20) 640(30)  -210(20) -80(20)  -71(19) 
C(33A) 310(20)  142(18) 204(19)  -85(15) -164(17)  94(16) 
C(34A) 260(20)  179(19) 193(19)  -50(16) -144(17)  68(16) 
C(35A) 370(20)  220(20) 390(20)  -96(18) -200(20)  3(17) 
C(36A) 490(30)  210(20) 480(30)  -236(19) -230(20)  105(19) 
C(37A) 390(20)  340(20) 350(20)  -212(19) -100(20)  168(19) 
C(38A) 330(20)  201(19) 240(20)  -124(16) -102(18)  89(17) 
C(39A) 310(20)  223(19) 240(20)  -35(16) -120(18)  -35(16) 
C(40A) 570(30)  460(20) 400(20)  -140(20) -130(20)  -120(20) 
C(41A) 340(20)  490(20) 360(20)  -155(19) -70(20)  68(19) 
C(42A) 310(20)  280(20) 310(20)  -124(18) 24(19)  73(18) 
C(43A) 340(20)  460(20) 460(30)  -210(20) -60(20)  61(19) 
C(44A) 430(20)  510(20) 360(20)  -50(20) 80(20)  30(20) 
C(45A) 250(20)  210(19) 220(20)  -51(16) -81(17)  7(16) 
C(46A) 300(20)  250(20) 410(20)  -171(19) -180(20)  44(16) 
C(47A) 390(20)  340(20) 350(20)  -176(19) -250(20)  123(19) 
C(48A) 440(20)  270(20) 230(20)  -48(17) -197(19)  99(18) 
C(49A) 350(20)  139(18) 290(20)  -45(16) -168(19)  77(16) 
C(50A) 380(20)  268(19) 198(19)  -100(16) -170(17)  58(16) 
C(51A) 270(20)  75(16) 156(18)  -59(14) -104(16)  28(14) 
C(52A) 250(20)  152(18) 220(20)  -73(15) -66(17)  1(15) 
C(53A) 260(20)  156(18) 220(20)  -36(15) -7(17)  -23(15) 
C(54A) 340(20)  152(18) 144(19)  -19(15) -52(18)  13(16) 
C(55A) 290(20)  191(18) 200(20)  -70(15) -118(17)  41(16) 
C(56A) 270(20)  103(17) 151(19)  -87(14) -42(16)  22(15) 
C(57A) 220(20)  320(20) 270(20)  -2(17) -73(17)  -59(17) 
C(58A) 280(20)  410(20) 750(30)  -80(20) -190(20)  61(19) 
C(59A) 420(20)  550(30) 420(20)  -110(20) -160(20)  -80(20) 
C(60A) 270(20)  270(20) 142(18)  -77(15) -102(16)  -34(16) 
C(61A) 350(20)  320(20) 290(20)  -15(17) -144(18)  -62(17) 
C(62A) 270(20)  390(20) 340(20)  -188(18) -66(18)  -12(17) 
C(63A) 223(19)  151(18) 210(20)  -72(15) -78(17)  45(15) 
C(64A) 270(20)  189(19) 190(19)  -87(16) -89(17)  67(16) 
C(65A) 290(20)  210(20) 340(20)  -148(17) -170(19)  31(16) 
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C(66A) 390(20)  210(20) 280(20)  -96(17) -86(19)  -78(16) 
C(67A) 350(20)  167(19) 178(19)  -39(15) -101(17)  6(16) 
C(68A) 440(20)  188(18) 220(20)  -94(15) -165(18)  9(16) 
 
Ni(3) 287(3)  177(2) 177(2)  -72(2) -41(2)  4(2) 
Ni(4) 349(3)  272(3) 293(3)  -131(2) -58(2)  -1(2) 
O(1B) 322(13)  115(11) 143(12)  -44(10) -51(11)  9(10) 
O(2B) 308(13)  194(12) 173(13)  -89(10) 51(11)  -117(10) 
N(1B) 215(16)  171(15) 161(16)  -55(12) -30(13)  -11(12) 
N(2B) 309(17)  131(15) 143(15)  -16(12) -61(14)  1(13) 
N(3B) 272(17)  173(15) 254(17)  -99(13) -100(14)  27(13) 
N(4B) 287(18)  283(17) 390(19)  -175(15) -87(16)  23(14) 
C(1B) 260(20)  178(19) 210(20)  -109(16) -67(17)  32(15) 
C(2B) 260(20)  139(18) 158(19)  -65(15) -56(16)  3(15) 
C(3B) 246(19)  149(18) 250(20)  -117(16) -90(17)  34(15) 
C(4B) 252(19)  118(17) 183(19)  -68(15) -98(16)  27(15) 
C(5B) 270(20)  260(20) 120(18)  -91(16) -60(16)  2(16) 
C(6B) 190(18)  161(18) 170(19)  -77(15) -41(16)  4(14) 
C(7B) 221(19)  173(19) 163(19)  -51(16) -68(16)  -12(15) 
C(8B) 235(19)  118(17) 67(17)  -27(14) -21(15)  -30(15) 
C(9B) 186(19)  166(18) 137(18)  -52(14) -44(15)  -23(15) 
C(10B) 194(19)  157(18) 166(18)  -54(15) -25(16)  0(15) 
C(11B) 174(18)  106(17) 127(18)  -14(14) -5(15)  -2(14) 
C(12B) 213(19)  194(18) 146(18)  -71(15) -63(15)  -29(15) 
C(13B) 234(19)  133(17) 139(18)  -29(14) -30(16)  3(15) 
C(14B) 181(19)  229(19) 189(19)  -99(16) -64(16)  26(15) 
C(15B) 184(19)  168(18) 205(19)  -86(15) -76(16)  5(15) 
C(16B) 220(19)  175(18) 211(19)  -57(15) -39(16)  -53(15) 
C(17B) 165(19)  219(19) 260(20)  -149(16) -73(16)  10(15) 
C(18B) 215(19)  194(19) 240(20)  -164(16) -111(17)  63(15) 
C(19B) 209(19)  130(18) 214(19)  -61(15) -123(16)  20(15) 
C(20B) 210(20)  222(19) 270(20)  -150(17) -116(17)  40(15) 
C(21B) 370(20)  200(20) 220(20)  -72(16) -89(18)  -17(17) 
C(22B)1070(40)  200(20) 710(30)  40(20) -640(30)  -80(20) 
C(23B) 770(30)  250(20) 290(20)  -66(18) 40(20)  -100(20) 
C(24B) 540(20)  149(18) 230(20)  -53(16) 1(19)  -68(17) 
C(25B) 260(20)  187(18) 235(19)  -115(15) -84(16)  45(15) 
C(26B) 250(20)  270(19) 300(20)  -134(16) -84(17)  17(16) 
C(27B) 330(20)  235(19) 380(20)  -183(17) -133(19)  28(16) 
C(28B) 290(20)  196(18) 330(20)  -136(16) -110(18)  44(16) 
C(29B) 230(20)  250(20) 280(20)  -178(17) -4(17)  -36(16) 
C(30B) 460(20)  390(20) 210(20)  -145(18) 12(19)  -78(18) 
C(31B) 260(20)  460(20) 400(20)  -280(19) 54(19)  -80(17) 
C(32B) 290(20)  470(20) 330(20)  -311(19) 43(18)  -58(17) 
C(33B) 300(20)  168(18) 112(18)  -71(15) -35(17)  51(15) 
C(34B) 270(20)  148(18) 210(20)  -45(15) -49(17)  16(15) 
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C(35B) 380(20)  280(20) 170(20)  -152(16) -57(18)  41(17) 
C(36B) 370(20)  390(20) 210(20)  -164(18) -18(19)  118(19) 
C(37B) 240(20)  310(20) 250(20)  -98(17) 5(18)  23(16) 
C(38B) 300(20)  226(19) 220(20)  -116(16) -54(18)  62(16) 
C(39B) 370(20)  183(19) 187(19)  -90(15) -99(18)  34(16) 
C(40B) 510(20)  270(20) 410(20)  -116(18) -160(20)  -8(18) 
C(41B) 350(20)  290(20) 310(20)  -120(17) -64(19)  -25(17) 
C(42B) 220(20)  460(20) 330(20)  -236(19) -26(18)  1(18) 
C(43B) 720(30)  890(30) 730(30)  -540(30) -470(30)  240(30) 
C(44B) 530(30)  640(30) 570(30)  -320(20) 40(20)  -220(20) 
C(45B) 300(20)  260(20) 220(20)  -63(17) -29(17)  -19(16) 
C(46B) 450(20)  210(20) 280(20)  -144(17) -83(19)  73(18) 
C(47B) 560(30)  190(20) 350(20)  -111(18) -120(20)  11(19) 
C(48B) 570(30)  190(20) 300(20)  -31(18) -40(20)  -94(18) 
C(49B) 450(20)  210(20) 220(20)  -49(17) -9(18)  -54(18) 
C(50B) 320(20)  230(19) 220(20)  -102(16) -53(17)  33(16) 
C(51B) 290(20)  151(18) 194(19)  -118(15) -11(17)  -19(16) 
C(52B) 310(20)  210(20) 220(20)  -75(16) -45(17)  -38(17) 
C(53B) 270(20)  290(20) 320(20)  -164(18) -7(18)  -71(17) 
C(54B) 410(20)  190(20) 320(20)  -110(17) 40(20)  -30(18) 
C(55B) 390(20)  170(20) 162(19)  -29(15) -23(18)  81(17) 
C(56B) 280(20)  195(19) 197(19)  -100(16) -75(17)  80(16) 
C(57B) 310(20)  260(20) 380(20)  -37(18) -200(20)  -51(17) 
C(58B) 400(20)  780(30) 370(30)  10(20) -180(20)  -160(20) 
C(59B) 400(20)  420(20) 530(30)  -110(20) -220(20)  10(19) 
C(60B) 420(20)  230(20) 320(20)  -129(17) -220(20)  121(17) 
C(61B) 410(20)  610(30) 360(20)  -140(20) -220(20)  30(20) 
C(62B) 620(30)  590(30) 350(20)  -240(20) -260(20)  150(20) 
C(63B) 190(20)  450(20) 580(30)  -260(20) 60(20)  25(19) 
C(64B) 320(20)  490(30) 860(30)  -320(20) -130(20)  110(20) 
C(65B) 350(30)  370(20) 610(30)  -250(20) -60(20)  80(20) 
C(66B) 420(20)  250(20) 400(20)  -169(18) -50(20)  -3(19) 
C(67B) 360(20)  340(20) 340(20)  -150(19) -75(19)  -61(19) 
C(68B) 560(30)  217(19) 280(20)  -64(16) -40(20)  -68(17) 
C(81) 640(30)  990(40) 930(40)  -520(30) -80(30)  -120(30) 
C(82) 510(30)  1230(40) 720(30)  -540(30) 0(30)  -90(30) 
C(83) 580(30)  550(30) 690(30)  -240(30) 10(30)  -80(20) 
C(84) 390(30)  450(30) 880(40)  -170(30) 150(30)  10(20) 
C(85) 650(30)  570(30) 890(40)  -440(30) -10(30)  -70(20) 
_______________________________________________________________________ 
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Figure S3. Structural drawing of 1-a.  
 
Table S4.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters 
(Å2x 103) for 1-a.  U(eq) is defined as the trace of the orthogonalized Uij tensor.  
_______________________________________________________________________ 
 x y z Ueq 
_______________________________________________________________________ 
Ni(1) 5453(1) 1638(1) 7889(1) 18(1) 
O(1) 5709(1) 935(1) 7214(1) 20(1) 
N(1) 6634(1) 1418(1) 8928(1) 17(1) 
N(2) 4230(1) 1820(1) 6836(1) 19(1) 
C(1) 6890(1) 1766(1) 9776(1) 21(1) 
C(2) 6176(1) 1671(1) 10492(1) 28(1) 
C(3) 6471(2) 2008(1) 11302(1) 39(1) 
C(4) 7411(2) 2418(1) 11387(1) 42(1) 
C(5) 8090(2) 2505(1) 10676(1) 34(1) 
C(6) 7847(1) 2182(1) 9854(1) 24(1) 
C(7) 5163(2) 1212(1) 10402(1) 38(1) 
C(8) 4012(2) 1403(1) 10833(1) 55(1) 
C(9) 5662(2) 624(1) 10826(1) 51(1) 
C(10) 8616(1) 2279(1) 9073(1) 30(1) 
C(11) 8817(2) 2932(1) 8882(1) 44(1) 
C(12) 9868(2) 1956(1) 9262(1) 45(1) 
C(13) 7332(1) 947(1) 8953(1) 18(1) 
 18 
C(14) 7379(1) 512(1) 8254(1) 16(1) 
C(15) 8289(1) 65(1) 8422(1) 21(1) 
C(16) 8433(1) -368(1) 7779(1) 20(1) 
C(17) 7587(1) -348(1) 6943(1) 20(1) 
C(18) 6672(1) 71(1) 6742(1) 18(1) 
C(19) 6549(1) 528(1) 7407(1) 17(1) 
C(20) 9456(1) -840(1) 7921(1) 25(1) 
C(21) 10283(2) -775(1) 8858(1) 48(1) 
C(22) 10294(1) -777(1) 7158(1) 35(1) 
C(23) 8864(1) -1459(1) 7868(1) 30(1) 
C(24) 5793(1) 44(1) 5846(1) 16(1) 
C(25) 5965(1) 416(1) 5104(1) 18(1) 
C(26) 5176(1) 369(1) 4255(1) 18(1) 
C(27) 5409(1) 755(1) 3446(1) 25(1) 
C(28) 7020(1) 861(1) 5198(1) 28(1) 
C(29) 3070(1) 2002(1) 6907(1) 24(1) 
C(30) 2169(1) 2082(1) 6145(1) 30(1) 
C(31) 2457(1) 1976(1) 5266(1) 32(1) 
C(32) 3646(1) 1792(1) 5184(1) 27(1) 
C(33) 4504(1) 1720(1) 5974(1) 22(1) 
C(34) 5118(1) 2383(1) 8447(1) 26(1) 
 
C(41) 2714(4) 745(1) 8494(2) 218(2) 
C(42) 2047(3) 717(1) 7578(2) 70(1) 
C(43) 2522(2) 548(1) 6758(3) 99(1) 
C(44) 1736(3) 538(1) 5976(3) 117(1) 
C(45) 604(3) 676(1) 5815(2) 87(1) 
C(46) 143(2) 857(1) 6632(2) 83(1) 
C(47) 843(3) 892(1) 7464(2) 78(1) 
_______________________________________________________________________ 
 
Table S5.   Anisotropic displacement parameters (Å2x 104) for 1-a.  The anisotropic 
displacement factor exponent takes the form: -2p2[ h2a*2U11 + ... + 2 h k a* b* U12 ]. 
_______________________________________________________________________ 
 U11 U22 U33 U23 U13 U12 
_______________________________________________________________________ 
Ni(1) 207(1)  164(1) 160(1)  1(1) 17(1)  28(1) 
O(1) 219(5)  180(5) 177(5)  -17(4) -19(4)  40(4) 
N(1) 220(6)  161(6) 130(5)  -9(4) 42(4)  10(4) 
N(2) 199(6)  144(6) 227(6)  17(4) 15(4)  7(4) 
C(1) 318(8)  165(7) 125(6)  -3(5) 0(5)  68(6) 
C(2) 399(9)  261(8) 177(6)  29(6) 78(6)  95(7) 
C(3) 588(12)  427(10) 169(7)  9(7) 116(8)  183(9) 
C(4) 652(13)  353(10) 214(8)  -122(7) -63(8)  184(9) 
C(5) 457(10)  237(8) 285(8)  -79(7) -76(7)  55(7) 
C(6) 338(8)  173(7) 180(7)  -18(6) -28(6)  45(6) 
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C(7) 469(10)  409(10) 293(9)  34(7) 211(8)  35(8) 
C(8) 569(13)  563(12) 581(12)  98(10) 334(10)  73(10) 
C(9) 736(14)  364(10) 519(12)  17(9) 359(11)  21(9) 
C(10) 393(9)  237(8) 275(8)  -53(6) 31(7)  -99(7) 
C(11) 525(11)  293(9) 508(11)  40(8) 101(9)  -78(8) 
C(12) 421(11)  321(9) 616(12)  -70(8) 137(9)  -47(8) 
C(13) 211(7)  189(7) 135(6)  13(5) 6(5)  -4(5) 
C(14) 190(7)  162(7) 125(6)  -7(5) 3(5)  18(5) 
C(15) 221(7)  219(7) 166(6)  -13(5) -36(5)  15(6) 
C(16) 210(7)  188(7) 190(7)  -20(5) -13(5)  32(5) 
C(17) 246(7)  174(7) 179(6)  -46(5) 2(5)  15(6) 
C(18) 201(7)  170(7) 152(6)  -14(5) -4(5)  -9(5) 
C(19) 178(6)  159(7) 159(6)  1(5) 19(5)  4(5) 
C(20) 260(8)  246(8) 223(7)  -53(6) -43(6)  74(6) 
C(21) 446(10)  485(11) 420(10)  -161(8) -195(8)  286(8) 
C(22) 296(9)  236(8) 532(11)  -52(7) 103(8)  31(7) 
C(23) 325(8)  245(8) 340(8)  57(6) 75(7)  97(6) 
C(24) 216(7)  132(6) 134(6)  -29(5) -5(5)  32(5) 
C(25) 225(7)  139(7) 180(6)  -30(5) 18(5)  -15(5) 
C(26) 247(7)  134(6) 144(6)  -13(5) 18(5)  12(5) 
C(27) 364(9)  198(7) 196(7)  19(6) 37(6)  -26(6) 
C(28) 338(9)  281(8) 206(7)  -30(6) 26(6)  -117(6) 
C(29) 229(7)  166(7) 316(8)  7(6) 41(6)  24(6) 
C(30) 220(8)  218(8) 447(10)  4(7) -11(7)  46(6) 
C(31) 322(9)  232(8) 358(9)  43(7) -121(7)  23(6) 
C(32) 352(9)  221(8) 219(7)  35(6) -13(6)  9(6) 
C(33) 221(7)  189(7) 236(7)  30(6) 18(5)  14(5) 
C(34) 328(8)  220(8) 226(7)  -1(6) 17(6)  83(6) 
 
C(41) 2920(50)  830(20) 2170(40)  650(20) -1730(40)  -590(30) 
C(42) 805(18)  417(13) 913(19)  -17(12) 243(16)  -257(12) 
C(43) 392(14)  324(13) 2290(40)  164(18) 310(20)  51(11) 
C(44) 700(20)  346(14) 2580(50)  -60(20) 660(30)  -98(15) 
C(45) 950(20)  670(17) 960(20)  81(15) 34(18)  -194(15) 
C(46) 695(18)  573(15) 1250(20)  144(16) 183(18)  -26(12) 
C(47) 900(20)  828(18) 643(17)  4(13) 253(15)  94(15) 
_______________________________________________________________________ 
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Figure S4. Structural drawing of 1-a-(H2NR)2.  
 
Table S6.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters 
(Å2x 103) for 1-a-(H2NR)2.  U(eq) is defined as the trace of the orthogonalized Uij tensor.  
 
________________________________________________________________________________ 
 x y z Ueq 
________________________________________________________________________________ 
Ni(1) 4809(1) 3470(1) 2190(1) 31(1) 
O(1) 4316(2) 4132(1) 2868(1) 31(1) 
N(1) 3594(2) 3671(1) 1143(1) 20(1) 
N(2) 5974(3) 3319(1) 3340(2) 56(1) 
C(1) 2691(3) 4097(1) 1120(2) 20(1) 
C(2) 2479(3) 4503(1) 1836(2) 19(1) 
C(3) 1411(3) 4916(1) 1672(2) 21(1) 
C(4) 1160(3) 5336(1) 2299(2) 22(1) 
C(5) 2058(3) 5338(1) 3132(2) 24(1) 
C(6) 3111(3) 4954(1) 3329(2) 22(1) 
C(7) 3349(3) 4507(1) 2670(2) 22(1) 
C(8) 5055(3) 5433(1) 4322(2) 24(1) 
C(9) 4072(3) 4983(1) 4201(2) 24(1) 
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C(10) 4018(3) 4554(1) 4876(2) 24(1) 
C(11) 5144(3) 5894(1) 3594(2) 34(1) 
C(12) 2938(3) 4078(1) 4763(2) 36(1) 
C(13) 23(3) 5791(1) 2141(2) 32(1) 
C(14) 664(3) 6408(1) 2177(2) 42(1) 
C(15) -813(3) 5717(1) 1201(2) 57(1) 
C(16) -963(3) 5739(1) 2880(2) 42(1) 
C(17) 3505(3) 3347(1) 284(2) 22(1) 
C(18) 4393(3) 3494(1) -365(2) 35(1) 
C(19) 4266(4) 3180(1) -1182(2) 55(1) 
C(20) 3317(4) 2740(1) -1354(2) 55(1) 
C(21) 2453(3) 2606(1) -703(2) 40(1) 
C(22) 2529(3) 2904(1) 137(2) 25(1) 
C(23) 5421(3) 3988(1) -205(3) 57(1) 
C(24) 5011(5) 4494(1) -867(2) 108(2) 
C(25) 6864(4) 3783(2) -273(4) 214(4) 
C(26) 1554(3) 2759(1) 834(2) 34(1) 
C(27) 1465(3) 2108(1) 1016(2) 51(1) 
C(28) 114(3) 3002(1) 542(2) 57(1) 
C(29) 5362(3) 2743(1) 1652(2) 46(1) 
C(30) 7405(4) 3549(2) 3556(3) 77(1) 
C(31) 8267(4) 3210(2) 2975(3) 127(2) 
C(32) 9729(5) 3485(3) 3066(4) 192(3) 
C(33) 7416(4) 4197(2) 3382(4) 152(3) 
C(34) 7772(4) 3422(2) 4667(3) 123(2) 
________________________________________________________________________________ 
 
Table S7.   Anisotropic displacement parameters (Å2x 104) for 1-a-(H2NR)2.  The 
anisotropic displacement factor exponent takes the form: -2p2[ h2a*2U11 + ... + 2 h k a* b* 
U12 ]. 
______________________________________________________________________________ 
 U11 U22 U33 U23 U13 U12 
______________________________________________________________________________ 
Ni(1) 334(2)  264(2) 314(2)  -82(2) -112(2)  108(2) 
O(1) 340(13)  274(10) 270(12)  -102(9) -140(10)  130(9) 
N(1) 224(14)  172(11) 207(13)  -38(10) -8(11)  15(10) 
N(2) 670(20)  406(17) 505(19)  -137(14) -284(16)  225(15) 
C(1) 230(17)  222(14) 133(15)  -21(12) -18(13)  -53(13) 
C(2) 219(16)  185(14) 150(15)  -43(12) -12(13)  35(12) 
C(3) 223(17)  252(15) 136(15)  -24(12) -48(13)  4(13) 
C(4) 276(18)  238(15) 143(15)  -19(12) -14(13)  63(13) 
C(5) 364(19)  191(14) 162(16)  -45(12) 21(14)  59(13) 
C(6) 311(18)  182(14) 149(16)  -8(12) -29(13)  -23(13) 
C(7) 239(17)  206(14) 204(16)  1(13) -52(13)  21(13) 
C(8) 341(19)  198(14) 163(16)  -25(12) -15(14)  16(13) 
C(9) 353(19)  197(15) 148(16)  -71(12) -41(14)  72(13) 
C(10) 343(19)  171(14) 201(16)  -28(13) -46(14)  3(13) 
C(11) 460(20)  317(17) 215(18)  29(14) -84(15)  -54(15) 
C(12) 500(20)  314(17) 235(18)  -8(14) -122(16)  -54(15) 
C(13) 390(20)  314(16) 224(17)  -51(15) -40(15)  161(15) 
C(14) 580(20)  376(19) 307(19)  74(15) 77(17)  261(16) 
C(15) 620(30)  630(20) 400(20)  -124(18) -219(18)  441(19) 
 22 
C(16) 350(20)  393(19) 500(20)  -113(17) 19(18)  98(15) 
C(17) 313(18)  196(15) 149(16)  -7(12) 26(14)  39(13) 
C(18) 480(20)  261(15) 340(19)  62(16) 223(16)  112(17) 
C(19) 1020(30)  360(20) 350(20)  58(17) 400(20)  220(20) 
C(20) 1190(40)  330(20) 146(19)  -41(16) 120(20)  260(20) 
C(21) 670(30)  177(15) 300(20)  -46(14) -138(18)  42(16) 
C(22) 370(20)  184(14) 182(17)  4(12) -18(14)  26(13) 
C(23) 550(30)  370(20) 880(30)  14(19) 470(20)  -38(19) 
C(24) 2450(60)  430(20) 450(30)  -50(20) 530(30)  -490(30) 
C(25) 710(40)  810(40) 5190(120)  -500(50) 1640(60)  -260(30) 
C(26) 380(20)  224(16) 410(20)  -17(14) 60(17)  -77(14) 
C(27) 650(30)  321(18) 610(30)  32(17) 210(20)  -95(17) 
C(28) 420(20)  410(20) 900(30)  -60(20) 140(20)  -44(18) 
C(29) 530(20)  377(18) 440(20)  -120(16) -146(18)  225(16) 
C(30) 420(20)  740(30) 1020(30)  -380(30) -390(20)  260(20) 
C(31) 350(30)  1860(50) 1540(50)  -840(40) -190(30)  30(30) 
C(32) 1200(60)  2700(80) 1760(60)  440(60) -260(50)  -90(60) 
C(33) 760(40)  480(30) 3180(80)  120(40) -390(40)  -50(30) 
C(34) 920(30)  1370(40) 1190(40)  -680(30) -840(30)  600(30) 
______________________________________________________________________________ 
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